Background: The prevalence of electronic cigarette use grows. Amid increased e-cigarette use nationwide, this paper attempts to identify underlying risk factors for the most vulnerable populations.
I
n the United States, overall use and awareness of electronic cigarettes has escalated dramatically-especially among vulnerable populations, including youth and women (Choi & Forster, 2013; King, Alam, Promoff, Arrazola, Dube, 2013; Pearson, Richardson, Niaura, Vallone, & Abrams, 2012) . Electronic nicotine delivery systems, also known as electronic cigarettes, emerged in the U.S. tobacco market in 2007 (Regan, Promoff, Dube, & Arrazola, 2013) . Electronic cigarettes are plastic devices used to mimic the action of smoking a regular cigarette by having the user puff into the device, thus ingesting a nicotine-containing aerosol (Goniewicz, Kuma, Gawron, Knysak, & Kosmider, 2012) . Prevalence of e-cigarette use is higher among young adults (14% of 18-to 24-year-olds) compared to older adults (9% of 25-to 44-year-olds; McMillen, Gottlieb, Shaefer, Winickoff, & Klein, 2014) . Increases in e-cigarette use among all adults have been attributed to them being perceived as more convenient, advertised as less expensive, and marketed as potential smoking-cessation aids (King et al., 2013; Pearson et al., 2012) . Because of the novelty of e-cigarettes and current lack of federal regulations, there has been a substantial increase in the manufacturing and marketing of these products. There are hundreds of brands of e-cigarettes, all of which contain unregulated levels of nicotine, toxic chemicals, and ultrafine particles (Grana, Benowitz, & Glantz, 2014; Schober et al., 2014) . This surge in e-cigarette use poses a health risk to women of childbearing agespecifically pregnant women-because of the adverse and teratogenic effects of nicotine on reproductive and fetal health (England, Bunnell, Pechacek, Tong, & McAfee, 2015; Wickström, 2007) .
The perception that e-cigarettes are safer than conventional cigarettes may prompt women to switch or to engage in dual use of e-cigarettes and conventional cigarettes during and after pregnancy (Baeza-Loya et al., 2014; Kahr et al., 2015; Mark, Farquhar, Chisolm, Coleman-Cowger, & Terplan, 2015) . Perceptions of relative safety of e-cigarettes compared with conventional cigarettes may even promote increased use during pregnancy (Baeza-Loya et al., 2014) . Increases in e-cigarette use among women have been linked to the perception that e-cigarettes may be a means to smoking cessation . More women try to quit smoking during pregnancy than any other time in their lives; yet, two thirds of women who quit will relapse. Although pregnant smokers using conventional cigarettes are aware of the need to quit, some believe in harm reduction as a method of quitting Graham, Flemming, Fox, Heirs, & Sowden, 2014) . e-Cigarettes have been the center of recent controversy regarding novel smoking cessation or harm reduction products, which putatively can reduce disease burden and possibly mortality (Etter & Bullen, 2011) . There is concern that marketing strategies promoting harm reduction may increase the appeal and obfuscate the known adverse effects of nicotine on fetal development.
Demographic characteristics, including race/ethnicity and age, are associated with e-cigarette use among current and former tobacco users: e-Cigarette users are more likely to be non-Hispanic White and younger (ages 18-24; Zhu et al., 2013) . There is a clear need to identify risk factors for e-cigarette use-particularly in vulnerable populationsincluding young women of childbearing age. The purpose of this study was to assess predictors of e-cigarette use among female current and former tobacco users of childbearing agespecifically to determine whether demographic factors, pregnancy status, conventional cigarette smoking, and perceived e-cigarette harm are associated with e-cigarette use. Reasons for using e-cigarettes were also measured among current and former users.
METHODS

Design and Setting
A cross-sectional survey was administered to female current or former tobacco users of childbearing age-half of whom were pregnant. Pregnant women were recruited from two university-affiliated prenatal clinics, and nonpregnant women were recruited from one women's health clinic; clinics were located in Central and Eastern Kentucky.
Procedures
After approval from the medical institutional review board, flyers describing the study were placed in the clinics. Women who indicated interest were screened by nurses at their healthcare appointments. Those who were eligible signed informed consent prior to survey completion. Recruitment was based on our previous experience with these populations (Ashford et al., 2010; Ashford & Westneat, 2012) . Nearly three fourths of participants completed the survey via an iPad; the rest completed a paper form with responses entered into the database. Data were stored on a secure server, protected by a password. Participants received a $10 gift card.
Population/Sample
English-speaking women of childbearing age who reported using tobacco within the past 12 months were eligible for the study. Quota sampling was used to ensure approximately equal numbers of pregnant (n = 101) and nonpregnant (n = 99) women. This sampling was done using a recruitment schedule for each group; once 101 pregnant women were enrolled, only nonpregnant women were eligible. Recruitment continued until the sample totaled 200 women.
Measures
Demographic Characteristics Demographics included age (in years), race/ethnicity, education, and pregnancy status. To assess race/ethnicity, women indicated their race (with six options, including multiracial) and whether their ethnicity was Hispanic/Latina (yes/no). Given the small numbers in each racial/ethnic minority, these variables were combined and categorized as "White/non-Hispanic" or "Other." Women were asked the highest level of school completed (with seven options); a binary variable was created to indicate whether the woman was at least a college graduate. Women were asked to indicate whether they were currently pregnant (yes/no).
Reasons for Using e-Cigarettes Any participant who had ever used e-cigarettes was given a checklist of nine potential reasons for using e-cigarettes, including the following: "Thought it would be less expensive," "Wanted to quit smoking," "I became pregnant," "Wanted to maintain weight/lose weight," "Less harmful to others," "Less harmful to myself," "Like the taste of the e-cigarette," "Can use it where smoking is not allowed," and "Saw advertisements promoting e-cigarettes." The participant was instructed to check all reasons that applied to her decision to use them.
Conventional Cigarette Use To assess use frequency for conventional cigarettes, participants were asked to indicate how many days within the past 30 days they had smoked ("used daily," "used often [more than 10 days this month]," "used occasionally [less than 10 days this month]," "have used, but not within the last 30 days," or "never used"). Current smokers were those who had used in the past 30 days; former users had smoked in the past, but not in the last 30 days, whereas "never smokers" had never used cigarettes. "Never smokers" were former or current users of some other form of tobacco (e.g., smokeless) in order to be eligible for the study.
Perceived Harm From e-Cigarettes Participants were asked to indicate the extent to which they believed, in general, that e-cigarettes are a health hazard, with four possible responses: "not a health hazard at all," "minor health hazard," "moderate health hazard," and "serious health hazard." e-Cigarette Use Consistent with the question that assessed frequency of conventional cigarette use, participants were asked how often they had used e-cigarettes. Their responses were used to classify them as a "current," "former," or "never" user of e-cigarettes with the same cutoffs as for conventional cigarettes.
Data Analysis
Bivariate group comparisons were accomplished using Spearman's rank correlation or Mann-Whitney U-test. Predictors of e-cigarette use status (current, former, never) were determined using proportional odds modeling (POM); the POM assumption was assessed using the score test. The presence of multicollinearity was evaluated using variance inflation factors. Data analysis was conducted using SAS, v. 9.4; an alpha level of .05 was used.
RESULTS
Participant Description
In total, 379 women were screened; 164 were ineligible because they did not meet inclusion criteria. Of the 215 eligible participants, 200 enrolled and completed the survey (93% participation). Six women were omitted from this analysis because their e-cigarette status could not be determined. The average age of participants was 29.6 years; most were White/non-Hispanic and had less than a college education (Table 1) . The majority were current cigarette smokers and current/former users of e-cigarettes. Most current e-cigarette users were dual users, also currently smoking cigarettes. Most women indicated that e-cigarettes were a minor or moderate health hazard. In the bivariate analysis, e-cigarette use status was only associated with race/ethnicity (White/non-Hispanic more likely to use) and education (less educated more likely to use; Table 1 ). The comparison of pregnant and nonpregnant participants on frequency of use was significant for both conventional cigarettes (Mann-Whitney U χ 2 = 17.0, p < .001) and e-cigarettes (Mann-Whitney U χ 2 = 4.4, p = .036); pregnant women tended to use both products less frequently (Figure 1 ). Figure 2 displays the percentage of current and former e-cigarette users who selected each of the nine reasons for deciding to use from the checklist; totals within each group add to more than 100 because respondents indicated all that applied. More than half in each group indicated they decided to use them because they wanted to quit smoking. The next most frequent reasons among all ever users were that they thought e-cigarettes would be less expensive, they could use e-cigarettes where smoking is prohibited, and e-cigarettes would be less harmful (to others and self ).
Reasons for Deciding to Use e-Cigarettes
Predictors of e-Cigarette Use
The score test for the POM was not significant (χ 2 = 14.2, p = .11), suggesting that the proportional odds assumption was not violated. Variance inflation factors were all less than 1.5, suggesting no distortion in parameter estimates because of multicollinearity. In the POM, significant predictors of e-cigarette use status were age, race/ethnicity, and pregnancy status (Table 2) . For every year of increase in age, the odds of being a more frequent e-cigarette user (i.e., current vs. former, former vs. never) decreased by 8%. Consistent with this relationship, for every 5-year increase in age, the likelihood of being a more frequent e-cigarette user decreased by 34% (p = .001). Compared with minority participants, those who identified as White/non-Hispanic were 227% more likely to use e-cigarettes more frequently (p = .001). Pregnant women were 51% less likely to be more frequent e-cigarette users, compared with nonpregnant participants (p = .03). e-Cigarette use status was not related to education, current conventional cigarette use, or perceived harm in the multivariate model. Complete detail about the statistical model is available (see Figure, Supplemental Digital Content 1, http://links.lww.com/ NRES/A190).
DISCUSSION
Findings from this study reveal that over half of current and former tobacco users reported ever using e-cigarettes, and one fourth currently used e-cigarettes. It is concerning that nearly all of the current e-cigarette users were also cigarette smokers, making them dual users. Dual use of cigarettes with e-cigarettes is likely (King et al., 2013; Pearson et al., 2012) , and the resulting consequences-particularly among women of childbearing age-cannot be ignored (England et al., 2015) . Current e-cigarette use is significantly associated with greater nicotine dependence and concurrent dual use (Dutra & Glantz, 2014) . It is unknown whether the dual users in this study initiated conventional cigarette smoking or e-cigarette use first. Assessment of dual use patterns warrants longitudinal research, particularly in this at risk population.
Although perception of health hazard was not a significant predictor of e-cigarette use status in this study, more than two thirds of the participants perceived that e-cigarettes posed a minor or moderate health hazard, and an additional 20% of women did not believe that e-cigarettes were a health hazard at all. Prior studies have found that e-cigarettes are generally perceived as less harmful and less addictive than conventional cigarettes (Baeza-Loya et al., 2014; Choi & Forster, 2013; Pearson et al., 2012) . It is not clear whether this is due to marketing of the product as safer or limited knowledge about the dangers of smoking cigarettes or e-cigarettes. This study confirms the misperception among smoking women of childbearing age that e-cigarettes are a "safe" alternative compared to conventional cigarettes (Choi & Forster, 2013) .
More than two thirds of the participants perceived that e-cigarettes posed a minor or moderate health hazard, and an additional 20% of women did not believe that e-cigarettes were a health hazard at all.
White/non-Hispanic tobacco-using women of childbearing age were more likely than minorities to use e-cigarettes. Racial/ethnic minority groups tend to have less awareness of e-Cigarette Use Among Women of Childbearing Age e-cigarettes (King et al., 2013) and lower e-cigarette use rates compared to nonminorities (Pearson et al., 2012) . Racial/ ethnic minorities also perceive e-cigarettes as more harmful than cigarettes and are less likely to believe they help with quitting (Choi & Forster, 2013) . e-Cigarette marketing may be less targeted toward racial/ethnic minorities (Henningfield & Zaatari, 2010) . The associations of age and education with e-cigarette use in this study (either in the bivariate or multivariable analysis) are consistent with how these are related to cigarette smoking. As is the case with conventional cigarettes, younger tobaccousing women were more likely to be current or former e-cigarette users, controlling for other demographic factors. Previous research has shown that young adults are more likely to have heard of e-cigarettes (King et al., 2013; Regan et al., 2013) and have used them (Pearson et al., 2012) . Women in this study who reported current use of e-cigarettes tended to have less education compared to former/never users; however, educational attainment was not a significant predictor of e-cigarette use status in the multivariable model. The findings of the bivariate and regression analyses related to e-cigarette use are consistent with reports that current tobacco users are generally more likely to be younger and have less education than nonusers (Tong et al., 2013) .
In the bivariate comparison with nonpregnant participants, pregnant women tended to use both e-cigarettes and cigarettes less frequently. Pregnant women had a lower likelihood of more frequent e-cigarette use-controlling for other demographic characteristics and perceived harm of e-cigarettes-in the multivariable model. This may be in part due to the observation that pregnant women smoke about 70% less than nonpregnant women (Williamson, Serdula, Kendrick, & Binkin, 1989) . Furthermore, lower e-cigarette use during pregnancy may be linked to consistent messaging that any tobacco use is unsafe while pregnant. There is also evidence that nicotine has detrimental effects on the fetus (Baeza-Loya et al., 2014) , yet future research is needed to evaluate reproductive and perinatal health risks associated with e-cigarette use.
Lower e-cigarette use during pregnancy may be linked to consistent messaging that any tobacco use is unsafe while pregnant. Note. The ordinal logistic regression estimated likelihood of being a more frequent e-cigarette use (i.e., current vs. former; former vs. never). Only women with complete data on all variables in the model were included (n = 182). CI = confidence interval; OR = odds ratio.
Although results of this study indicate that pregnant women were less likely to use e-cigarettes, it is concerning that among current e-cigarette users nearly half were pregnant. Unfortunately, few healthcare providers consistently screen pregnant women for use of noncombustible tobacco products such as e-cigarettes (England et al., 2014 (England et al., , 2015 . However, in a recent survey of 252 OBGYN providers, the vast majority wanted to know more about the health effects of novel tobacco products on maternal and neonatal outcomes. There is a critical need to train women's and primary healthcare providers to improve their ability to screen for and discuss the health implications of e-cigarette use with their patients (England et al., 2014) . This has implications for nurses in clinic settings in particular.
In a related qualitative study, we conducted focus groups of 12 participants to gain a deeper understanding of factors contributing to e-cigarette usage among pregnant and postpartum women. Pregnant women are initially attracted to e-cigarettes as a harm reduction strategy, yet often to return to conventional cigarettes in the postpartum period. Most women using e-cigarettes were simultaneously using conventional cigarettes. Furthermore, there was uncertainty regarding the health effects of e-cigarettes because of mixed messages about safety from healthcare providers and family members. Women valued choice in determining the dosage of nicotine and flavors, but they disliked having to purchase the "equipment" associated with e-cigarettes (Fallin, Miller, Assef, & Ashford, 2016) .
Limitations
One limitation is that tobacco use other than cigarettes and e-cigarettes was not assessed. In addition, tobacco use was not verified using biochemical validation, because there is not a test that can distinguish between cigarette smoking and e-cigarette use. Related to this, we did not measure daily e-cigarette consumption, so we were not able test for an association between daily use frequency and either pregnancy status or perception of risk. Future studies will benefit from a specific measure of daily consumption, such as average cartridges per day. The purposive sampling design, while providing detailed information about female current and former tobacco users of childbearing age, is not generalizable to the wider population. Longitudinal research is needed to assess trends in e-cigarette use and perceived harm among other population subgroups.
Conclusion
e-Cigarette use is growing despite concerns about safety and dual use. Prior to this study, there was limited information about risk factors for e-cigarette use among female current and former tobacco users of childbearing age, including pregnant women. The next step would be to develop and test interventions specific to this highly vulnerable population and their healthcare providers. Nurses are a key component of this goal, given regular interactions with at-risk women in clinic settings.
